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CONCLUSION

- Thermalization occurs ih Perfwloa:ﬁve QCD
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2 — 2 DOES NOT EFFICIENTLY THERMALIZE

Consider the regime of one-dimensional expansion

t € Roye ~ A1/3 fm

When ¢ ~ (), ': gluons are produced, p ~ @,
occupation number ~ 1/a = N ~ Q3 /a

Subsequently:
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oo Qst)

N(t) =

Mean free time:

1 QiaQst _ 1

T = = = -
oN o? Q3 0
or: thermalization time > Hubble time.
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WHY 2 — 2 IS INEFFICIENT

4 2
A lot of small angle scattering: & — :’l—

g may be < (), 0 seems very large

but each deflects the particle only by an angle ) ~ @q—
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2
Needs 9% ~ % small angle scatterings to change the

distribution function => relaxation is determined by the

\ A 2
transport mean free time, o, = ‘—;—2—%—2 = %
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IMPORTANCE OF 2 — 3

023 ~ (U092, but does not requires multiple scatterings
to change the distribution function = very efficient:
o g

094,83 ™ 2
mp J—»

mp = Debye screening, coming from primary hard gluons

and secondary soft gluons emitted from 2 — 3
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F rom classical -Fleu eq +o kc’ne‘h'c Boffzmann eq .
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A-H. Mugller , DTS  in progress
Classical field equation ( Schemaﬂcalla )

%A + gABA + g°*A* = 0
when € Q;' Al s-l‘rong honh'nean'+0«¢

expansion = A | A<<§|_ e Q;’

Reﬁime o.f weak honlineari—fg,

Ale,R) = Jdig A@,3) R + R.e.
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Ec] for envelope ‘. Boltz mann eq




Inolirecj’ wqé to devive Bol'l'zmann 67

QFT . > Boltzmann eq with Quantturn  gint:
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Is there a v ‘o direda go from classical freld egns

4o 4he Boltzmann eqn 7

One method :  solve classical .{-"‘elal eqgn Per'lurbah'vela

iden-h.ﬁa secular terms growing with +me

does not have +he 3ehera.f¢'+3 one would Like



The Martin - Siggia - Rose -formali.S‘m

Consider 'f’l‘ -Hneora
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Schwinger - Dyson eqn :
d ¢ I
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and Wu‘a nev ‘frmns-form

..c'P- (K-g)

Glag) = Jdp e c(x4,p)
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me Slow varcation in X —z’ 5 :fas'f‘ in x-y

( separo'.‘h'on oF scales)
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Collision term

with corvect statistical factor
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Heavy ion collisions at’high energy: can be described
perturbative QCD. |

1 GeV at RHIC
2 — 3 GeV at LHC

Qs ~

Q: does the system thermalize?
Pro: more gluons produced, collide more frequently.

Con:

e gluon distrubion initially far from equilibrium

e (. smaller at higher energies

Goal: to have a consistent understanding of evolution when

. < 1, which is valid parametrically.
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